Aim: Hypertension is a major health problem and is usually associated with common conditions such as obesity, which contribute to clinical cardiac dysfunction. The role of energy homeostasis hormones such as ghrelin and PYY 3-36 in cardiovascular function remains incompletely understood. Therefore, the aim of our study was to explore the potential differences in concentrations of ghrelin forms and PYY 3-36 circulating in obese patients with grade 1 and grade 2 hypertension, with higher and lower BMI and without and with insulin resistance as well as to determine whether these hormones may be associated with left ventricular hypertrophy. Methods: A total of 142 adult subjects were studied in three subgroups: lean (BMI < 25 kg/m 2 ) normotensive subjects and obese subjects (BMI 30.0-34.9 kg/m 2 ), and obese subjects (BMI 35.0-39.9 kg/m 2 ) under hypertensive treatment for at least 9 years. Fasting blood glucose, insulin, highsensitivity C-reactive protein (hs-CRP), lipid profile, urinic acid, acylated ghrelin (A-Ghr), total ghrelin (T-Ghr), and PYY 3-36 were measured. Insulin resistance was determined by the homeostasis model assessment of insulin resistance (HOMA-IR). We also echocardiographically assessed left ventricular mass (LVM) index (LVMI = LVM/ height 2.7 ). We evaluated the association between plasma T-Ghr, A-Ghr, PYY 3-36 levels with LVMI and other measured factors using univariate and multivariate analysis.
Summary
Aim: Hypertension is a major health problem and is usually associated with common conditions such as obesity, which contribute to clinical cardiac dysfunction. The role of energy homeostasis hormones such as ghrelin and PYY 3-36 in cardiovascular function remains incompletely understood. Therefore, the aim of our study was to explore the potential differences in concentrations of ghrelin forms and PYY 3-36 circulating in obese patients with grade 1 and grade 2 hypertension, with higher and lower BMI and without and with insulin resistance as well as to determine whether these hormones may be associated with left ventricular hypertrophy. Methods: A total of 142 adult subjects were studied in three subgroups: lean (BMI < 25 kg/m 2 ) normotensive subjects and obese subjects (BMI 30.0-34.9 kg/m 2 ), and obese subjects (BMI 35.0-39.9 kg/m 2 ) under hypertensive treatment for at least 9 years. Fasting blood glucose, insulin, highsensitivity C-reactive protein (hs-CRP), lipid profile, urinic acid, acylated ghrelin (A-Ghr), total ghrelin (T-Ghr), and PYY 3-36 were measured. Insulin resistance was determined by the homeostasis model assessment of insulin resistance (HOMA-IR). We also echocardiographically assessed left ventricular mass (LVM) index (LVMI = LVM/ height 2.7 ). We evaluated the association between plasma T-Ghr, A-Ghr, PYY 3-36 levels with LVMI and other measured factors using univariate and multivariate analysis.
Results: There were significant differences between BMI, waist circumference (WC), LVMI, hs-CRP and A-Ghr/nonacylated ghrelin (NA-Ghr) ratio (in the two obese subgroups. There was no significant difference between T-Ghr, A-Ghr and PYY 3-36 levels between obese subgroups. T-Ghr and PYY 3-36 were significantly lower in obese patients than in the control group, whereas A-Ghr levels did not differ between obese and controls. A-Ghr/ NA-Ghr ratio was significantly higher in patients with second-degree hypertension and BMI 35.0-39.9 kg/m 2 than in patients with first-degree hypertension and BMI 30.0-34.9 kg/m 2 . There were negative associations between T-Ghr, NA-Ghr or PYY 3-36 and LVMI (r = -0.49, p = 0.0001; r = -0.47, p = 0.0001; or r = -0.18, p = 0.029, respectively) and positive association between A-Ghr/ NA-Ghr ratio and LVMI (r = 0.3, p = 0.0003). T-Ghr and NA-Ghr, were associated negatively with fasting insulin (r = -0.31, p = 0.0025; and r = -0.36, p = 0.001, repectively), while A-Ghr/NA-Ghr ratio was po sitively associated with BMI and fasting insulin(r = 0.23, p = 0.041; r = 0.3, p = 0.0045, respectively). T-Ghr, A-Ghr, and NAGhr were also inversely related to HOMA-IR indices in obese patients (r = -0.43, p = 0.001; r = -0.32, p = 0.0359; r = -0.35, p = 0.001, respectively). In insulin-resistant obese subjects T-Ghr and NA-Ghr correlated negatively with HOMA-IR (r = -0.34, p = 0.0015; r = -0.28, p = 0.0116, respectively). LVMI was associated negatively with T-Ghr, NA-Ghr and PYY 3-36 (r = -0.49, p = 0.0001; r = -0.47, p = 0.0001; r = -0.18, p = 0.029, respectively). In addition, LVMI was positively associated with A-Ghr/ NA-Ghr ratio (r = 0.30, p = 0.0003). Conclusion: Plasma
Introduction
Obesity is recognized as an independent risk factor for cardiovascular diseases and is strongly associated with hypertension, insulin resistance and other cluster features associated with metabolic syndrome [1] . Data suggest that left ventricular hypertrophy is an independent risk factor for cardiovascular morbidity and mortality in the general population while hypertension and obesity are principal determinants among lifestyle factors [2] . However, the pathophysiology of cardiovascular manifestation in obesity is unclear. Subjects with simple obesity show anatomic and hemodynamic abnormalities due to excess weight, including increased left and right ventricular mass and increased left and right end-diastolic volume [3] . Moreover, hypertensive nonobese patients show concentric left ventricular hypertrophy due to increased afterload, whereas obese individuals, even the normotensive, show eccentric left ventricular hypertrophy due to increased preload [4, 5] . Hypertensive obese patients may present both mechanisms.
Ghrelin is abundantly secreted primarily from X/A cells of the oxyntic glands in the mucosa layer of the fundus of the stomach [6] . There are two major forms of ghrelin present in plasma: acylated, with n-noctanoyl ester at its third serine residue, (A-Ghr) and desacyl-ghrelin (NA-Ghr). The latter is a predominant form in blood and represents 79-86% of total ghrelin (T-Ghr) [7] . PYY 3-36 is another peptide hormone in circulation, secreted by endocrine ileal and colonic L-cells [8] . These two peptides have opposite effects on satiety and also on some known peripheral effects such as arterial pressure [9] . Intravenous infusion of ghrelin acutely lowers blood pressure in both humans [10] and rats [11] while evidence from animal studies suggests that PYY 3-36 affects hypertension [12] . The exogenous forms of both A-Ghr and NA-Ghr are also able to reduce ET1-dependent vasoconstriction and to improve NO bioavailability in the vessels of patients with MetS [13, 14] . Ghrelin exerts a protective role against atherosclerosis by antiinflammatory [15] [16] [17] , antioxidant effects [18] as well as through improved endothelial function [19, 20] . It has been shown that low plasma ghrelin levels are associated with obesity [21] , hypertension [22, 23] , insulin resistance [24] and metabolic syndrome [25] . These findings indicate that the gastrointestinal peptides may affect cardiovascular function. To our knowledge, the association between cardiac abnormalities, ghrelin and PYY 3-36 in hypertensive obese subjects has not been reported yet. Therefore the aim of our study was to explore the potential differences in concentrations of ghrelin forms and PYY 3-36 circulating in hypertensive obese patients with higher and lower degrees of hypertension, with higher and lower BMI and without and with insulin resistance as well as to determine whether these hormones may be associated with left ventricular hypertrophy.
Participants and Methods

Subjects
The groups were recruited from eligible patients consecutively reporting to the cardiac clinic with hypertension and obesity (BMI above 30 kg/m 2 and below 39.9 kg/m 2 ), postmenopausal women (n = 48) and age-matched men (n = 48). The control group consisted of eligible healthy subjects (n = 46). All the subjects underwent pre-study screening by standard physical examination including oral cavity routine clinical laboratory tests, including liver and kidney function tests, lipid profile, chest X-ray and baseline ECG. The exclusion criteria were as follows: coronary artery diseases (history of revascularization), ischemic ST segment alterations, valvular heart diseases, arrhythmias, secondary causes of hypertension or obesity-related diabetes mellitus, hepatic and renal or mental diseases, hypothyroidism, and no history of alcohol consumption. Written consent was obtained from every subject, and the study protocol was approved by the Institutional Ethics Committee (Medical University of Silesia, Katowice, Poland). The patients included in the examination had not been treated with aspirin, estrogens, and statins through 5 drug half-lives preceding the beginning of the examination. Antihypertensive drugs which were administered included ACE inhibitors (83%), angiotensin II receptor blockers (13.7%), Ca 2+ channel blockers (77%), adrenergic -blockers (69%), and diuretics (59%).
Anthropometric and Clinical Data
Anthropometric measurements included standing height, weight, BMI, and waist circumference (WC). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in the seated position after a 15-min rest, using a standard mercury sphygmomanometer (DBP; Korotkoff phase V). Blood pressure was averaged by 3 different measurements. According to the Joint National Committee (JNC VII) criteria, patients with SBP 140-159 mm Hg and/or DBP 90-99 mm Hg were assigned to the group with hypertension grade 1, whereas patients with SBP 160-179 mm Hg and/or DBP 100-109 mm Hg were assigned to the group with hypertension grade 2 [26] .
Laboratory Data
Blood samples were taken from each subject after a 12-hour overnight fast. Glucose, total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, uric acid, fibrinogen, AST/GOT, ALT/GPT, and TSH levels were measured using autoanalyzer SYNCHRON CXS (Beckman Coulter, Krefeld, Germany). High-sensitivity C-reactive protein (hs-CRP) was measured by immunoturbidimetric assay (Roche Diagnostics, Mannheim, Germany). The next samples were collected to the chilled tubes containing 1.2 mg EDTA and aprotinin (500 KIU/ml; Trasylol; Bayer, Leverkusen, Germany) for hormone analyses. All samples were kept in an ice bath until centrifugation at 2,000 rpm for 15 min at 4 o C. Additionally, plasma for both total and A-Ghr and PYY 3-36 was collected according to laboratory recommendations using HCl, PMSF, and DPPIV inhibitor. The separated plasma samples were stored at -70 o C until the time of the assay. All samples of one subject were run in duplicate in the same radioimmunoassay (RIA) performed in the laboratory of Silesian Medical University (Isotopic Laboratory of Department Pathophysiology, Zabrze, Poland). Plasma T-Ghr, A-Ghr, and PYY 3-36 were measured using commercial RIA kits (Linco Research, St. Charles, MO, USA); inter-assay or intra-assay coefficients of variations for T-Ghr, A-Ghr and PYY 3-36 were 7.0% or 14.3%; 3.3% or 17.8% and 11% or Karcz-Socha/Zwirska-Korczala/Zembala/ Borgiel-Marek/Karcz (LVM) was estimated using the formula of Devereux et al. [25, 27] : LVM = 0.8 (1.04 × (IVST+ LVEDD + LPWT) × 3 -LVEDD × 3) + 0.6. LVM was normalized by using left ventricular mass index (LVMI) which was calculated as follows: LVMI = LVM/height 2.7 . The presence of left ventricular hypertrophy was diagnosed according to a sex-specific cut-off value. LVMI more than 49.2 g/m 2.7 for men and more than 46.7 g/m 2.7 for women [28] [29] [30] .
Statistical Analysis
All statistical analyses were performed using Statistica PL 6.0 software. Data are presented as mean ± SD. The distribution were checked using Kolmogorov-Smirnov test. The nonparametric tests Mann-Whitney and ANOVA Kruskal-Wallis were used to check for differences between variables. Log 10 transformation of studied parameters were performed to reduce skewness in the distribution of these variables. Spearman's correlation coefficients were computed to quantify the relationship between variables. Multiple regression analyses were performed to quantify the contribution of independent variables to the variation of left ventricular hypertrophy. p values < 0.05 were considered statistically significant. 15%, respectively. NA-Ghr values were calculated as the difference between T-Ghr and A-Ghr values. Also insulin was quantified by the RIA method (Linco Research), intra-and inter-assay coefficients of variations were 4.5% and 5%, respectively. Insulin resistance (IR) was determined by a homeostasis model assessment HOMA-IR. The scores were calculated by multiplying the product of the fasting serum insulin concentration (mU/l) and the fasting serum glucose concentration (mmol/l) and then dividing the result by 22.5. The cut-off point of HOMA-IR for patients, defined as mean value ± 2 SD of controls, is 3.0. Low-density lipoprotein (LDL) cholesterol was calculated by the Friedewald formula.
Echocardiographic Measurements
Echocardiographic examinations were made using 2D, M-mode, pulse wave Doppler with 2. ; p = 0.012). Results of univariate regression analyses between ghrelin forms, PYY 3-36 or A-Ghr/NA-Ghr ratio and HOMA-IR, insulin, and LVMI are summarized in table 2.
Results
Clinical and biochemical characteristics of the hypertensive obese subjects and the healthy lean normotensive subjects are presented in table 1. Compared to healthy controls, both hypertensive obese patient groups had significantly higher values of BMI, WC, SBP and DBP, LVMI, total cholesterol, triglycerides, HDL cholesterol, uric acid, fasting glucose and insulin, hs-CRP levels, and HOMA-IR. Mean body mass, waist circumference, BMI, LVMI, and hs-CRP values were remarkably higher in the more obese patients compared to the less obese. Subgroup analysis revealed significantly lower T-Ghr, NA-Ghr, and PYY 3-36 levels as well as significantly higher values of the A-Ghr/NA-Ghr ratio compared to healthy subjects. We did not document any differences of T-Ghr, A-Ghr, NA-Ghr, and PYY 3-36 levels as well as A-Ghr/NA-Ghr ratio between hypertensive patients in both the more and the less obese subgroups.
We found significant differences between T-Ghr (482.1 ± 140.6 vs. 547.8 ± 135.1 pg/ml; p = 0.0034), A-Ghr (135.2 ± 53.4 vs. 171.8 ± 61.6 pg/ml; p = 0.0047) in men and women. There was no difference for PYY 3-36.
Of the 96 hypertensive obese subjects, 14 (14.6%) were identified as having HOMA-IR below the cut-off value of our controls. Comparing obese (BMI = 30.0-39.9 kg/m 2 ) subjects with HOMA-IR below 3.0 (n = 14) to subjects with HOMA-IR above 3.0 (n = 82), we documented significantly higher levels of T-Ghr (613.3 ± 136.2 vs. 498.1 ± 135.6 pg/ml; p = 0.00435), A-Ghr (177.2 ± 52.4 vs. 149.4 ± 60.8 pg/ml; p = 0.049), and NA-Ghr (436.1 ± 144.2 vs. 348.7 ± 131.5 pg/ml; p = 0.034). T-Ghr and NA-Ghr were significantly higher and Supporting the relevance of the ghrelin pathway regarding the risk of hypertension, Berthold et al. [35] showed that single nucleotide polymorphisms and haplotypes of the ghrelin gene may be associated with hypertension and atherosclerosis. Furthermore, other studies reported that ghrelin Arg51Gln mutation leading to alterations in ghrelin lowers its levels and it is concomitantly associated with the risk of hypertension, impaired glucose levels or type 2 diabetes mellitus [23, 24, 37] . It is interesting that most available data indicate a negative relationship between T-Ghr and insulin levels, insulin resistance or BMI in obese subjects with metabolic syndrome [9, 21, 25, 24, 37] . Interestingly, Rodriguez et al. [34] demonstrated lower NA-Ghr and higher A-Ghr concentrations in patients with metabolic syndrome. With increasing number of the dysfunctions contributing to the metabolic syndrome , a progressive elevation of A-Ghr in plasma and a decrease in plasma NA-Ghr were observed. In addition, 84% of our study subjects were identified as having insulin resistance which is twice as high as the frequency reported by Rodriguez et al. [34] . In our subjects, T-Ghr was lower in insulin-resistant than in insulin-sensitive subjects. Insulin is believed to have negative impact on ghrelin secretion [20] . In contrast to Rodriguez et al. [34] , in our patients A-Ghr was similar among studied subgroups (insulin-resistant vs. insulin-sensitive subjects, HPB I 0 vs. HPB II 0 subjects as well as more obese vs. less obese subjects). We also observed a strong negative correlation between the two forms of ghrelin, NA-Ghr and A-Ghr, and insulin, HOMA-IR or LVMI. From the multiple regression analyses it could also be concluded that in the accepted model the examined parameters BMI, HOMA-IR, and T-Ghr have independent influence on LVMI, explaining 24% (total R 2 × 100) variance of this variableWith respect to insulin resistance, the relevance of A-Ghr versus NA-Ghr has been evaluated in two studies [38, 39] . Barrazoni et al. [38] reported that plasma insulin and HOMA-IR were negatively associated with T-Ghr or NAGhr, but positively with A-Ghr and the A-Ghr/NA-Ghr ratio in adults, whereas Pacifico et al. [39] noticed lower T-Ghr and NA-Ghr, comparable A-Ghr, and higher A-Ghr/NAGhr ratio in obese metabolically abnormal children when compared with obese metabolically normal children. These results are in agreement with our observations. As reported previously, obese subjects had increased circulating concentrations of A-Ghr and decreased circulating concentrations of NA-Ghr [34] .
Our results also provide a new insight into the understanding of the A-Ghr/NA-Ghr ratio as a clinical biomarker in metabolic disorders. We have noticed, for the first time, that the A-Ghr/NA-Ghr ratio may be relevant in evaluation of HPB II 0 ension in patients with BMI between 35.0 and 39.9 kg/m 2 . Factors regulating circulating A-Ghr levels are largely unknown. Our previous study demonstrated paradoxically higher levels of A-Ghr under postprandial conditions in extremely obese women. Moreover, A-Ghr consti-BMI correlated positively with A-Ghr/NA-Ghr ratio in obese subjects (BMI = 30.0-39.9 kg/m 2 ). In these subjects, also insulin correlated positively with A-Ghr/NA-Ghr ratio, but negatively with T-Ghr and NA-Ghr. Moreover, we found negative associations of HOMA-IR with T-Ghr, A-Ghr, and NAGhr in the moderately obese subgroup (BMI = 30.0-39.9 kg/m 2 ) as well as with T-Ghr and NA-Ghr in both obese subgroups. In addition, LVMI correlated negatively with T-Ghr, NA-Ghr, and PYY 3-36, while positively with A-Ghr/NA-Ghr ratio. 
Discussion
Possible associations between circulating ghrelin and left ventricular hypertrophy or hypertension in obesity have been found in some but not all studies. Öner-Iyidogan et al. [ 31] did not find any differences between ghrelin levels when comparing hypertensive with normotensive obese women. These data demonstrated a positive correlation between T-Ghr and blood pressure and also higher ghrelin levels in hypertensive women with BMI < 35 kg/m 2 . In contrast, two other studies [24, 32] reported lower ghrelin levels to be associated with higher blood pressure levels. A further study [33] showed that ghrelin infusion leads to the decrease of blood pressure in healthy volunteers. With regard to ghrelin physiology it could be speculated that the increase in circulating ghrelin levels may be compensatory to the increasing blood pressure. Given that our subjects have suppression of ghrelin levels, it is possible that a loss of ghrelin-mediated control mechanism is present in these cases. Furthermore, lower ghrelin levels have been suggested as participating in dysregulation of endothelial nitric formation which contributes to development of high blood pressure [19, 20] . Recent research has focused on the association between both forms of ghrelin and the risk of hypertension. The antiinflammatory properties of ghrelin are well known, just as its indirect effect in preventing the development of hypertension in patients with metabolic syndrome [34] . Unfortunately, we were not able to show a positive relationship between the concentration of A-Ghr and SBP, DBP or left ventricular hypertrophy. In contrast, we found negative associations between both forms of ghrelin and LVMI. Nevertheless, in our previous study [9] we reported, for the first time, higher postprandial levels of A-Ghr in extremely obese women with metabolic syndrome as recently suggested Rodriguez et al. [34] . On the other hand, when we analyzed the A-Ghr/NA-Ghr ratio, statistically significant changes were found for increased BMI and hypertension. Additionally, we could confirm that higher hypertension or insulin resistance is associated with lower T-Ghr levels [25, [34] [35] [36] .
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Given the importance of visceral fat distribution as a risk factor for cardiovascular diseases, the distribution of central obesity in our patients was studied using WC values. As expected, the patients with higher WC and hs-CRP levels had significantly higher LVMI, what is predisposing to left ventricular hypertrophy. We found no correlation of hs-CRP with BMI, WC or LVMI, and we could not confirm prior data reported by Malavazos et al. [45] . In hypertensive younger women with visceral obesity, they found that proinflammatory molecules such as IL-6/IL-6R were significantly associated with echographic abnormalities. IL-6 is a key factor influencing liver-derived CRP [46] . CRP reduces production of NO, the main vasodilator factor [47] .
It is also worth emphasizing that uric acid concentrations were higher in our patients. There are few mechanisms leading to higher circulating levels of this factor; hyperinsulinemia, obesity, and antihypertensive drugs such as diuretics, beta-blockers or ACE may be potentially responsible for impaired clearance of uric acid.
Taken together, normalization of circulating gut peptides as well as improvement of impaired insulin sensitivity by weight reduction and diet or surgical procedures might be used in future to normalize hypertension, reduce obesity, and prevent progression of ventricular mass and other cardiovascular events.
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tuted about 30% of total ghrelin. Considering the metabolic features associated with A-Ghr in extremely obese subjects, A-Ghr was positively correlated with the percentage of fat mass and also with CRP levels, but negatively with LDL cholesterol and HDL cholesterol [9] . Among many other functions, A-Ghr has beneficial metabolic effects by participating in lipid metabolism over at least two mechanisms. Active ghrelin co-purifies with HDL, destroys lipid peroxides on LDL and may down-regulate CD36 scavenger macrophage receptors [40, 41] .
PYY 3-36 belongs to the PP family of 36 amino acid peptides co-released with GLP-1 from endocrine intestinal L cells in response to caloric load. The micronutrient potency of lipids is greater than that of carbohydrates. As shown in this study and a previous study [9] , fasting levels of PYY 3-36 were significantly reduced in obese patients compared to lean controls. PYY 3-36, a most potent endogenous Y2R agonist, may modulate action via Y2R. Tests conducted on animals showed that Y2R appears in arteries of spontaneously hypertensive rats [42] . The activation of this receptor may result in vasoconstrictor effects, suggesting that PYY 3-36 plays a role in the regulation of blood pressure. Boey et al. [43] demonstrated that PYY 3-36 augmented insulin activity. Taking into account metabolic effects in the empirical model of PYY 3-36 participation in insulin sensitivity, it can be assumed that low PYY 3-36 levels in obese subjects may partly contribute to their insulin resistance [43] . Finally, in the present study we found a relationship between PYY 3-36 and LVMI. Nevertheless, we suggest that postprandial profiles of this gut hormone are more relevant in pathological conditions [44] .
